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Review VEGF pathway targeted therapies Bevacizumab
Bevacizumab is a VEGF receptor monoclonal antibody. Differently from small molecule tyrosine kinase inhibitors (TKI) targeting on VEGF pathway, it is a neutralizing antibody that binds VEGF ligand. It has been widely used in other types of solid tumor with varying results. Its utility as single and combination therapy in renal cell carcinoma has been well studied in AVOREN and other trials [3] [4] [5] [6] . The AVOREN trial is a large multicenter, randomized trial compared efficacy between bevacizumab in combination with Interferon-α (IFN-α) and IFN-α alone as a single therapy. Investigator assessed median progression free survival (PFS) is 10.2 months in bevacizumab with IFN-α Arm and 5.4 months in the IFN-α alone arm (HR=0.63, p<0.001). There was no statistically overall survival (OS) benefit in the bevacizumab arm possible due to the trial design allowing patient crossover to bevacizumab arm and patients from IFN-α group received more anticancer therapy poststudy [7] . The study shows that PFS at 3 months and 6 months are prognostic factors and currently it remains controversial whether PFS should be a surrogate primary end point rather than the OS. Based on AVOREN result, bevacizumab with IFN-α is considered as a first line therapy ( Table 1 ). We will discuss IFN-α role in this regimen in the immunotherapy section below. Further, bevacizumab alone was well accepted for patients who failed TKI and cytokine therapy. Toxicities of bevacizumab are significant for hypertension, thromboembolism, myelosuppression and hemorrhage. These adverse effects are severe as grade 3-4 and limited bevacizumab uses in combination with TKI.
Sunitinib
FDA approved sunitinib as a first line therapy in mRCC in January 2006. It is a small tyrosine kinase inhibitor multi-targeting on VEGF receptor and platelet-derived growth factor receptor (PDGF-R) pathway. In a phase II trial, sunitinib demonstrates partial response rate (PRR) of 34% with a median PFS of 8.3 months in 105 patients with metastatic clear cell carcinoma failure previous therapy [8, 9] . Master, R. J, et al., conducted a randomized phase III study comparing sunitinib with IFN-α in 675 mRCC patients in the first line setting [8] . IFN-α was served as a first line therapy in mRCC at the time the study performed. It showed significantly longer median PFS of 11 months compared with IFN-α as 6 months. The objective response rate (ORR) was also significantly higher in the sunitinib group at 34% compared with IFN-αarm as 6%. Based on this study, the FDA approved sunitinib as a first line therapy for mRCC. Long term follow up of 36 months in both groups revealed that sunitinib has median OS benefit 26.4 months versus IFN-α 21.8 months (p=0.051) [10] . Sunitinib toxicities include diarrhea, nausea, hypertension, hand-foot syndrome, cardio toxicity [11] , and hypothyroidism, which is believed to relate to VEGF regulated thyroid atrophy and degeneration of thyroid follicular cells [12, 13] . Several biomarkers for sunitinib therapy have been studied. For example, hypertension may serve as a predictive marker for sunitinib response [14, 15] . Circulating proteins and polymorphism of VEGF DNA have exhibited some predictive value [16, 17] . Sunitinib in combination with IFN-α, everolimus and bevacizumab have pronounced toxicity profile and has halted its development in combination therapy [18] [19] [20] .
Sorafenib
Sorafenib is a multi-targeting tyrosine kinase inhibitor. Similar to sunitinib, it exhibits inhibitory activities against VEGF, PDGF-R, c-Kit, and c-MET. The TARGET trial is a phase III double blind, multicenter, randomized study in 900 mRCC patients who failed prior chemotherapy and have lower or intermediate Memorial Sloan-Kettering Cancer Center (MSKCC) prognostic score [21] . The primary end point was investigator assessed PFS. In first 16 months of this study, sorafenib exhibited median PFS of 5.5 months compared with placebo for 2.8 months. The placebo group can crossover to sorafenib arm at 16 months and finally OS analysis revealed no significant difference between sorafenib and placebo groups (p=0.145). The crossover design of the study Zhi et al. 2014 there after understandably negated any survival difference at the end. However, the preplanned secondary analysis showed OS 17.8 months in the sorafenib group and 14.3 months in the placebo group (p=0.0287). Sorafenib was studied in the first line setting compared with IFN-α [22] . In this phase II trial, 400mg sorafenib oral twicedaily dose was compared with IFN-α 9 million units (MU) three times weekly dose. In sorafenib group, the results showed 65 out of 97 (67%) patient has progression disease, median PFS was 5. 7 months and 5% objective response (complete and partial response). However, in IFN-α group, 56 out of 92 (60%) patients had progression disease and a PFS of 5.6 months, resulting in early termination of the study. Currently, sorafenib is a secondline therapy in mRCC as per NCCN guideline based on above data we just discussed.
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Pazopanib
Pazopanib is a second generation TKI and was demonstrated in a phase III trial for local advanced RCC as adjuvant therapy post nephrectomy and second line setting in refractory RCC [23, 24] . The open label phase III trial randomized pazopanib and placebo groups as 2:1 ratio with the option of crossover at time of progression. Total 435 patients were enrolled in this study, 290 were randomized to pazopanib group (half of whom had previous exposure to cytokine therapy) and 145 were in the matching placebo group. Overall PFS in the pazopanib group were 9.2 months and 4.2 months in the placebo group (p<0.001). In a subset analysis, PFS in treatment naïve population showed a median PFS of 11.1 months and 2.8 months in the placebo group (p<0.001). Among those who failed prior cytokine therapy, pazopanib group 135 patients had median PFS 7.4 months compared with placebo group 67 patients PFS 4.2 months (p<0.01). ORR was 30% of the entire pazopanib cohort, 32% in treatment naïve population and 29% in cytokine refractory population. COMPARZ study compared efficacy of pazopanib versus sunitinib as a first line setting in the treatment of mRCC [25] . This study included advanced or metastatic RCC with clear cell history with no prior therapy. A total of 1110 patients was randomized as 1:1 ratio to pazopanib 800mg daily continuous dosing or sunitinib 50mg daily 4 weeks on and 2 weeks off dosing. The study allowed dose reduction in both groups. The primary endpoint in this study was PFS based on independent review. Upon 36 months of follow up, median PFS was 8.4 months in pazopanib group and 9.5 months in sunitinib group. Interim analysis of OS showed 28.4 and 29.3 months in pazopanib and sunitinib groups respectively (p=0.275). However, the patient preferability (not adverse profile) profile is much more favorable for pazopanib as less severe bone marrow suppression, hypothyroidism, mucositis, fatigue and hand-foot syndrome. This study demonstrated pazopanib as a non-inferior agent to sunitinib in the first line setting with similar ORR and OS. Much lower incidence of adverse events in pazopanib group and better quality of life scores suggested that pazopanib might provide better quality of life during therapy than sunitinib with similar efficacy, however, the discontinuation rate in both pazopanib and sunitinib group are similar.
Axitinib
Another second generation TKI axitinib was studied in a phase III trial compared with sorafenib as second and first line therapy in treatment mRCC [26] . In the second line study, mRCC population focused on those who failed prior treatments included cytokine therapy, sunitinib, temsirolimus and bevacizumab treatment. The trial was randomized as 1:1 ratio based on patient performance status and type of prior of treatment to either axitinib 5mg twice daily or sorafenib 400mg twice daily. The primary endpoint was PFS by an independent review committee. Overall PFS in this study were 6.7 months for axitinib as compared with sorafenib arm about 4.7 months (p<0.0001). In subgroup analysis by prior regimen, axitinib had better efficacy than sorafenib in patient population (n=251) who failed prior cytokine therapy. There were 369 patients who received sunitinib in the past, 24 patients had temsirolimus and 59 patients who received bevacizumab before enrolling in the study. In patients previously treated with sunitinib, median PFS was 4.8 months in axitinib arm and 3.4 months in sorafenib arm(p=0.011). This suggested that axitinib could be used in the prior TKI refractory mRCC population. Further, adverse events in this trial demonstrated axitinib had a similar safety profile compared to sorafenib but more pronounced in hypertension, hypothyroidism and less hand-foot syndrome, rash and alopecia. Currently, axitinib is considered as a standard second line treatment of advanced RCC [27] .
Tivozanib
Tivozanib is a third generation TKIs, which is a more potent biochemical inhibitor targeting of VEGF. TIVO-1 was the phase III superiority study of tivozanib compared with sorafenib as first line therapy in mRCC [28] . This study demonstrated tivozanib had superior efficacy compared with sorafenib as first line TKI therapy in advanced RCC. Tivozanib was well tolerated with less adverse events and toxicity,and fewer dose adjustments.Tivozanib was not approved, however, due to the similar OS seen in tivozanib (28.8 months) and sorafenib (29.3 months), with a non-significant hazard ratio of 1.25 (with a 95% confidence interval from 0.95-1.62). Another possible reason was the study, allowing patient crossover from sorafenib arm to tivozanib arm, but not in the other direction. This caused the question of equipoise of two arms.
Cabozantinib
Cabozantinib is a newly developed potent VEGF-2 and c-MET dual inhibitor. Recently, studies showed MET signaling is important for maintaining VEGF signaling in tumor angiogenesis, invasion, proliferation and survival [29] . It is also suggested that MET signaling might play a role in VEGF inhibitor resistance. 25 patients were enrolled in a phase 1B trial of cabozantinib (XL184-008). In this trial, all patients had metastatic refractory RCC with an average of two previous treatments and intermediate Zhi et al. 2014 to poor prognosis risks. In this study, 7 patients (28%) achieved partial response with median PFS 14.7 months, 13 patients had stable disease and one had disease progression [30] .
Currently, cabozantinib is being further investigated in a randomized phase II trial in comparison with sunitinib in previously untreated mRCC with intermediate and poor risks (NCT01835158). The primary objective is to study PFS and OS and the second objective is ORR and adverse events. This study is designed to allow patient crossover from sunitinib group to cabozantinib group upon the time of disease progression. A total of 140 patients will participate in this study and it is recruiting patients national wide. Need to point out: there is no prognostic biomarker available for treatment with MET inhibitors.
Dovitinib
Dovitinib is a new TKIs targeting both VEGF and fibroblast growth factor receptor (FGFR) pathways. Preclinical studies have demonstrated this dual TKI also has activity against topoisomerase [31] . The phase 3 trial conducted by Motzer et, al has studied its efficacy compared with sorafenib in mRCC patients who progressed on previous VEGF or mTOR inhibitor therapies [32] . In this open label, randomized trial, a total of 284 were assigned to dovitinib group and 286 to sorafenib group. The median PFS was 3.7 and 3.6 months in dovitinib and sorafenib groups, respectively, showing no improvement in benefit over sorafenib in the third line setting.
Lenvatinib
Lenvatinib (E7080) has inhibition activity towards VEGF, FGFR, PDGFR, c-Kit and RET. It was studied in refractory thyroid cancer and hepatocellular carcinoma with very promising results. Phase III SELECT trial for refractory thyroid cancer reported in ASCO 2014 annual meeting (abstract LBA6008) showed substantial response in PFS: 18.3 versus 3.6 months in lenvatinib and the placebo group. Currently lenvatinib is under investigation in mRCC. Its safety and maximum toxicity dose are being evaluated in an early phase I/II trial alone or in combination with everolimus (NCT 01136733) [33] .
The mTOR inhibitors Temsirolimus
Temsirolimus is a mTOR Inhibitor that has been shown to have activity in mRCC [34, 35] . A phase III trial has studied temsirolimus as first line treatment of poor risk mRCC [36] . This was a randomized, international multi-centered trial, which enrolled total 620 patients with previously untreated mRCC. All patients were stratified as poor prognostic risk as three or more predictors of poor risks: LDH more than 1.5 times of upper normal limit, hemoglobin less than the lower normal limit, correct calcium more than 10mg/dl, time from diagnosis to first treatment less than one year, 60-70% Karnofsky performance score and multi organ sites of metastasis. This study has included all histology types of RCC rather than most of TKI trials only include clear cell histology. The study was comprised of three arms: 1) IFN-α 3 MU three times weekly with escalating dose up to 18 MU (n=202); 2) temsirolimus 25mg intravenously weekly (n=209); 3) combination of temsirolimus 15mg intravenous weekly with IFN-α 6 MU three times weekly (n=210). The primary endpoint of this study was to compare OS in those three groups. Temsirolimus has median OS as 10.9 months, IFN-α median OS 7.3 months and combination of both as OS of 8.4 months. When compared Temsirolimus arm (2) with IFN-αarm (1), p=0.008, IFN-α arm (1) with combination arm (3), p=0.70. Poor prognostic risk and age less than 65 years old patients can benefit from temsirolimus more than an IFN-α group. The clear cell histology and other type of histology are favored temsirolimus. Intermediated prognostic risk and patients elder than 65 years old tend to benefit from IFN-α. Adverse event of temsirolimus is most significant for rash, hyperlipidemia, hyperglycemia and stomatitis. It has less neutropenia, nausea and asthenia compared with IFN-α [37] . As a result of this study, temsirolimus has a category 1A designation in the NCCN guideline choice for previously untreated mRCC patients with poor prognostic risks. In combination with bevacizumab as first line therapy for mRCC has not shown superior than IFN-α with bevacizumab in recently phase III clinical trial [38] . Recently data suggests when compared with sorafenib, temsirolimus has no benefit in improving PFS or OS as second line therapy after previous sunitinib [39] . Those studies suggest that VEGF target therapy and mTOR inhibitors sequential therapy might be important in mRCC treatment algorithm.
Everolimus
Everolimus is another potent mTOR inhibitor studied as second line therapy in the setting of progression after VEGF TKI therapy [40] [41] [42] . In this study [42] , 410 patients with clear cell carcinoma who failed one or two previous VEGF target therapy were enrolled in the study. They were further stratified based on MSKCC risk score: 29% are high-risk group, 56% are intermediate group and 15% are low risk group. They were randomized into two arms as 2:1 ratio. Arm 1 was everolimus with best supportive care (n=272) and Arm2 was placebo with best supportive care (n=138) and the study allowed for the crossover from placebo to everolimus arm upon progression. Two interim analyses were conducted during the 13 months of study. The median PFS was studied by a central radiology review and results showed everolimus median PFS of 4 months for everolimus versus 1.9 months for placebo (Hazard ration=0.30, log-rank p<0.01). However, everolimus did show higher rates of adverse events: Grade 3 and 4 stomatitis, infections and pneumonitis. Other major side effects included asthenia, rash, nausea, vomiting, and mucosal inflammation. Based on this result, everolimus is recommended by the NCCN panel as second or third line therapy for renal cell carcinoma after prior VEGF TKI treatment [43] .
Immunotherapy
High dose of interleukin-2 (HD-IL2)
Before 2005, cytokines were the only treatment options for Zhi et al. 2014 metastatic renal cell carcinoma patients with modest benefits at best with the caveat that high dose of IL-2 does still remain as the only agent to achievedurable responses in 5-7% of patients. In a study of 255 patients, HD-IL2 had ORR of 14%, with 5% of complete response [44] . Based on a follow up study, up to 20% patients lived more than 5 years after HD-IL2 treatment [45] . Recently another study showed HD-IL2 has median PFS of 4 months and 29% partial response rate in a total of 120 patients [46] . The challenge in the administration of HD-IL2 is significant side effects including hypotension, capillary leak syndrome and candidates should be carefully selected. A biomarker(s), which can predict response to IL2 would be of high benefit in selecting proper patients and therefore increasing therapeutic index. Those who can tolerate the treatment most likely have response to treatment with long duration [47] . The SELECT trial wasdesigned to attempt to identifya predictive model for patient selection for HD-IL2. The initial result showed 28% ORR and clear cell histology appears to have better response. But further analysis of tumor and blood based predictive biomarker carbonic anhydrase IX (CAIX) are neither predictive nor prognostic.
Interferon-α
In a large retrospective analysis, IFN-α as single therapy showed median OS as 13 months [48] . The result correlated well with MSKCC risk groups. The favorable group had median survival time of 30 months, intermediate group 14 months and poor risk groups with 5 months. Further meta-analysis study showed IFN-α with a very modest survival benefit [48] . IFN-α remained an effective option in highly selected patient populations and as a comparator in clinical trials of new therapy for the development of targeted therapies [48, 49] . The Combination of IFN-α with other agents like IL-2, however, did not demonstrate added efficacy [50, 51] . IFN-α in combination with bevacizumab was studying in the front line setting (discussed in the previous section) and is currently approved for use in this patient population.
Checkpoint inhibitors
Recently, the immune checkpoint pathway has been recognized to play an important regulatory role in antitumor immune response. Program death-1 (PD-1) and cytotoxic antigen 4 (CTLA-4) receptors, upon binding of their respective ligands, have negative regulatory function and therefore induce tumor immune escape [52] . Interfering this interaction with antibodies to the receptors are being studied as anti-tumor strategy by activating the immune system to induce T cell mediated antitumor effect and thereby leading to stunted antitumor response [53] [54] [55] .
Program Death Receptor 1 (PD-1) is a member of CD 28 coreceptor family and it is expressed on naïve T cells and activated T cells, B cells, natural killer cells in peripheral blood. PD-1 sustains expression on activated T cells and has two ligands, PD-L1 and PD-L2. When PD-1 binds to its ligand during antigen recognition, it results in cross-linking of PD-1 with antigen receptor complex. The PD-1 receptor is then phosphorylated, promoting SHP2 bound and inactivating ZAP70 in T cells and Syk in B cells [52] . The PD-1 activation induces inhibition of cell growth and cytokine secretion. It has been proven to be an important regulator in the process of immune response as well as peripheral immune tolerance [56] . In tumor cells, PD-1 have been shown to increase expression level, less cytokine production and impaired cytotoxicity against tumor [54] . Blockade of the PD-1/PD-L1 pathway has been shown effective antitumor effects in early phase I/II studies [57, 58] .
Nivolumab
Nivolumab (BMS-936558/MDA-1106) is a fully human IgG4 anti PD-1 antibody. In a phase I study of nivolumab, one mRCC patient who failed multiple prior treatments achieved a partial response,which lasted about 16 months [59] . In a separate phase I trial, among 34 mRCC patients, 10 had objective responses to nivolumab, 9 additional patients had stable disease, which lasted about more than 16 weeks so far [60] . Those data indicated that anti PD-1 therapy could induce a durable response of antitumor effects similar to effects observed in HD-IL2 and IFN-α treatment in mRCC patients [61] . The major adverse effects are fatigue, rash, pruritus. Immune related adverse effects were also observed including vitiligo, pneumonitis, hepatitis, colitis, and thyroiditis [62] . Currently, there are more ongoing clinical trials to further elucidate the effectiveness of anti-PD-1 in mRCC patients. MultipleRCC clinical trialsare focused on efficacy of nivolumab in combination with everolimus, or VEGF tyrosine kinase inhibitors, or CTLA-4 antibody (NCT01472081; NCT01354431; NCT01668784). Results of a phase II CheckMate-010 trial that included three dose levels of single agent nivolumab in advanced mRCC were reported at ASCO 2014. There was 20% ORR with duration of response up to 2 years [63] . Nivolumab in combination with VEGF tyrosine kinase inhibitor has been investigated in a phase I trial, and the current data confirm increased efficacy but also significantly increased toxicity. Further investigation of Anti-PD-1 in combination with TKIs is warranted with cautious monitoring adverse effects [64] .
Ipilimumab
CTLA-4 is another important regulator in checkpoint pathway and has been explored as anti-tumor therapy [65] . It is a negative regulatory co-receptor expressed on inhibitory T cells with Foxp3 expression CD4+ T cells. CTLA-4 can bind to B7 ligand (CD 80 and CD 86) on antigen presenting cell and down regulate CD 28 on effector T cells and suppresses diverse immune response. Foxp3 cells express TGF-β , which is an important cytokine which promotes Foxp3 cell growth and differentiation. CTLA-4 is different from PD-1 in checkpoint pathway: it regulates both cell intrinsic and extrinsic effects and has more systemic, non-antigen specific negative regulator in immune system [66, 67] . Further, CTLA-4 reduces production of IL-2, decreases the IL-2 receptor expression [68] . CTLA-4 antibody ipilimumab has been studied in a phase II trial of mRCC patients with previously HD-IL2 treatment [69] . There are 12 patients having an overall response to ipilimumab but adverse Zhi et al. 2014 effects such as immune mediated hopo physitis and enteritis were reportedly much higher. One possible explanation is that inexperience with such an agent that erroneously pronounced severity in toxicity. Indeed, the combination of ipilimumab and nivolumab for treatment of mRCC has shown to exhibit unpresented success with manageable side effects. Recently data from Johns Hopkins Hospital was presented on ASCO 2014: a phase I/II CheckMate-016 combination of ipilimumab and nivolumab showed very tolerable toxicity profile. A phase III trial of the combination of ipilimumab and nivolumab is implementing based on above result [70] .
Future directions in immunotherapy
Other important immune modulators are currently being explored for anti-tumor therapy. Lymphocyte-Activation Gene 3 (LAG-3) is a protein bind to MHC class II driven dendritic cell activation and promote effect T cell activation and antitumor activity. Recent in animal model, there is data suggesting immune an inhibitory synergistic effect between LAG-3 and PD-1 in promoting tumoral immune escape [71] . IMP321 is a recombinant soluble LAG-3 fusion protein, in a phase I trial, was investigated in 21 mRCC patients with promising results [72] . Further investigation is needed for utility of IMP321 as a single agent or combination with other therapy, most interestingly, with anti PD-1 therapy. To date, Phase I study of IMP321 in mRCC is completed with the pending result; another ongoing phase I study of anti-PD1 with IMP321 is actively accrual (NCT00351949 and NCT01968109).
Immune therapy is also being explored in combination with other targeted therapies for mRCC patients. Other immune therapies include vaccine in combination with VEGF inhibitors are under investigation. So far, two vaccines have been tested in early phase clinical trials with promising results. IMA901 is a vaccine by selecting peptide associated with nine human leukocyte antigens (HLA) class I and one HLA class II binding peptides for tumor recognizing and activation of T cells. In a phase II study, 68 patients with refractory mRCC received IMA901 with GM-CSF and low dose of cyclophosphamide prior the first dose of vaccine. OS is 87%, 79% and 68% at 6 months, 12 months and 18 months [73] . Ongoing randomized phase III trial will further evaluate IMA901 as first line therapy in junction with Sunitinib (NCT01265901). Another newly developed vaccine is AGS-003. It is a dendritic cell based vaccine by fusing patient derived dendritic cells with autologous tumor. A phase II study showed 25 mRCC patients treated with AGS-003 with Sunitinib and have 62% clinical response and PFS of 12.5 months [74] . WX-G250 is an antibody binding to CAIX that regulate cell proliferation in response to hypoxia. In an early phase I/II trial, WX-G250 with low dose interferon was given to 25 patients post nephrectomy. The two-year survival was 57% and median overall survival was 30 months with minimal toxicity [75] .
Biomarkers
In most mRCC clinical trials and studies, patient selections are purely based on eligibility criteria, including performance status, comorbidity and toxicity profiles. To date, no definitive biomarkers which would guide the careful selection of the proper population of mRCC patients for specific treatments. Especially for targeted therapy and immunotherapy, it is extremely important and urgent to identify predictive and prognostic biomarkers for maximizing therapeutic index.
To this end, multiple molecules in the signaling pathways involved in angiogenesis and also in the resistance pathway as predictive biomarkers for mRCC including von Hippel-Lindau (VHL) gene mutations, phosphatidylinositol 3-kinase (PI3K)/ mTOR pathway, mitogen-activated protein kinase (MAPK)/ extracellular signal-regulated kinas (ERK), Insulin like growth factor receptor (IGFR), Wnt and MET. Thus far, however, no definitive results have been shown, while some in need of prospective validation [76] .
As stated previously, HD-IL2 has been shown highly effective in subset of mRCC population. Multiple studies have been done aiming to identify a predictive biomarker for selecting proper population [77] . CAIX was tested in a phase II trial (SELECT trail) however with negative result. CAIX also tested for patient received Sorafenib but it turned out to be neither predictive nor prognostic [78] .
Clear cell renal carcinoma has been shown better outcomes with VEGF inhibitors than non clear cell histology. VHL inactivation has no association with better response to VEGF inhibitors, but loss of function mutation of VHL has higher responded. High level hypoxia induced factor-1α provided to more sensitive to Sunitinib [79] . VEGF levels in both tumor tissue and plasma have been studied for correlation with prior and post VEGF inhibitor treatments. The results showed baseline VEGF plasma concentrations could serve as a prognostic predictor for patients receive Sunitinib [80] . Pazopanib was also found to associate with a decrease of VEGF plasma concentration. Similarly, tumor pS6 and pAKT may be promising predictive biomarkers for mTOR inhibitor Temsirolimus [81] . In RCC, over expression of PD-L1 has been shown correlation with poor prognosis [82, 83] . PD-1 and PD-L1 as biomarker and prognostic factor in RCC have gained a lot of interests and under investigation (NCT01358721).
Early toxicity like hypertension and hand-foot syndrome appears to be pharmacodynamics biomarkers for VEGF inhibitors [14, 15, 84] . Drug induced interstitial and hypercholesterolemia can be associated with better outcomes for mTOR inhibitors [85, 86] . PET scan theoretically can be a utility for detecting response to mTOR inhibitor by decreasing glucose intake. In a small study, high baseline FDG uptake may serve as prognostic factor but fail to show any predictive value [87] .
As above mentioned, biomarkers for mRCC have been heavily studied but to date, there is no an effective predictive model for mRCC patient. In clinic, physicians are facing the difficulty to choose the right therapy for the right patient and not able provides some prognostic information based on our current data. The need to develop a comprehensive molecular Zhi et al. 2014 or genetic level assay is warranted.
Conclusion
In the past decade, the development of VEGF and mTOR inhibitors has dramatically changed the systemic therapy landscape for mRCC patients. Treatment landscape is again foreseen to undergo a dramatic revision in the near future with the current development of immune checkpoint inhibitors such as anti PD-1/PD-L1 antibodies. However, it is important to keep in mind that still most therapeutic agents provide palliative benefit. Future directions of mRCC research should focus on identifying predictive and prognostic biomarkers, determining optimal sequential and/or combination therapy in the hopes of increasing therapeutic index and increase rates of durable remissions.
